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evidence from animal studies that chronic administration of 
bupropion attenuates the reinforcing efficacy of nicotine 
(Rauhut, Dwoskin, & Bardo, 2005), although findings have 
been inconsistent (Paterson, Balfour, & Markou, 2008; Shoaib, 
Sidhpura, & Shafait, 2003). At the same time, animal studies 
have found that bupropion attenuates nicotine-induced  
enhancement of brain reward systems (i.e., intracranial self-
stimulation thresholds) and reverses the anhedonic and somatic 
symptoms of nicotine withdrawal (e.g., Paterson et al., 2008), 
although, again, results have been mixed (Paterson, Balfour, & 
Markou, 2007).

Human studies of the biobehavioral mechanism(s) mediat-
ing bupropion’s efficacy have been limited. In a laboratory study 
with non–treatment-seeking smokers, acute administration of 
300 mg bupropion affected some subjective effects (i.e., reduced 
“intensity of cigarette” and “satisfaction” relative to placebo) 
during ad libitum smoking of participants’ preferred-brand 
cigarette (Cousins, Stamat, & de Wit, 2001). A 300 mg dose had 
no effect in a second study, although participants smoked  
experimental cigarettes rather than their usual brand (Rukstalis 
et al., 2005). Results of placebo-controlled clinical trials with 
bupropion have generally supported a role for bupropion in 
promoting abstinence by reducing craving in the postquit period 
(McCarthy et al., 2008; Piper et al., 2008). However, results have 
been somewhat inconsistent across trials regarding the effect of 
bupropion on withdrawal distress and whether these effects 
mediate outcome (e.g., McCarthy et al.; Piper et al.).

Bupropion acts as an inhibitor of dopamine and norepi-
nephrine transporters (Dwoskin, Rauhut, King-Pospisil, & Bardo, 
2007). In addition, Miller, Sumithran, and Dwoskin (2002) 
and others (Fryer & Lukas, 1999; Slemmer, Martin, & Damaj, 
2000) have demonstrated that bupropion acts as an antagonist 
on several nicotinic acetylcholine receptors. This latter effect 
suggests that bupropion may attenuate the reinforcing proper-
ties of nicotine (Paterson, 2009). Consistent with this hypothe-
sis, bupropion reverses the nicotine-induced decrease in brain 
stimulation reward threshold in animal models (Epping-Jordan, 
Watkins, Koop, & Markou 1998). However, to our knowledge, 
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no clinical trial has investigated the effect of bupropion on the 
reinforcing efficacy of nicotine or smoking.

In recent years, behavioral economists have quantified con-
sumer demand for addictive substances by studying how price 
affects labor supplied (i.e., spending) in the pursuit of drugs 
(e.g., Hursh & Silberberg, 2008). These studies generally find 
that drug consumption is sensitive to price changes: a finding 
characterized by a demand curve across which drug consump-
tion decreases as price increases (e.g., Bickel & Madden, 1999a). 
Quantifying properties of the demand curve (e.g., steepness of 
the curve) have proven useful in determining the reinforcing 
efficacy of drugs of abuse (e.g., Hursh & Winger, 1995). Quanti-
tative properties of drug demand curves may also be used to 
measure the effect of pharmacotherapies on drug consumption.

Responding to practical difficulties of assessing an entire 
drug demand curve in human drug users (Bickel, Marsch, & 
Carroll, 2000), a number of researchers have usefully employed 
a simulated demand measure, sometimes referred to as a pur-
chase task, in which participants indicate daily drug consump-
tion at a range of drug prices (e.g., Jacobs & Bickel, 1999; 
MacKillop et al., 2009; Murphy & MacKillop, 2006). The out-
comes of these purchase task studies have been in general agree-
ment with studies in which participants expend real effort to 
consume real drugs (e.g., Jacobs & Bickel vis. Bickel & Madden, 
1999b), and some evidence suggests that purchase task out-
comes have predictive validity (MacKillop & Murphy, 2007; 
Tucker, Vuchinich, & Rippens, 2002).

The purpose of this study was to determine the effect of 
bupropion on the reinforcing efficacy of cigarettes in treatment-
seeking smokers. A purchase task procedure was used. We 
sought to determine if bupropion would render demand for 
cigarettes more sensitive to price increases. A secondary aim was 
to determine the effect of bupropion on the subjective effects of 
smoking. To our knowledge, this is the first smoking cessation 
study to use a laboratory procedure to investigate biobehavioral 
mechanisms that may mediate bupropion’s efficacy as a smok-
ing cessation medication.

Methods
Participants
Participants were recruited to participate in a double-blind 
placebo-controlled smoking cessation clinical trial of smokers 
with a history of alcohol dependence. Prior to enrollment, all 
participants were medically screened by the study physician 
who also monitored adverse events throughout a participant’s 
involvement in the study. Participants were randomly assigned 
to bupropion (N = 33) or placebo (N = 27) for 8 weeks.

To be eligible for the trial, participants must have smoked at 
least 10 cigarettes/day, have a history of alcohol dependence, and 
between 2 and 12 months of abstinence from alcohol prior to 
enrollment. Dependence was determined by administering the 
Alcohol Disorders section of the Structured Clinical Interview 
for Diagnosis for DSM-IV (First, Spitzer, Gibbon, & Williams, 
1995). Exclusion criteria were (a) older than age 70, (b) diagno-
sis of schizophrenia, (c) current psychotic episode, (d) cardiac 
problems in the past 3 months, (e) uncontrolled hypertension, 
(f) history of seizure, (g) history of head injury, and (h) use of 

medications that lower the seizure threshold. Only use of antide-
pressant medication that lowered the seizure threshold was 
excluded. The study was approved by the Institutional Review 
Boards of Boston University, University of Massachusetts, the 
Edith Nourse Rogers Memorial Veterans Administration Medi-
cal Center (ENRM VAMC), and the University of Kansas. For 
the larger clinical trial, participants were recruited from Boston 
University Medical Center (BUMC) and the ENRM VAMC. 
However, the present study was only conducted at the ENRM 
VAMC due to a smoking restriction policy at BUMC, which 
prevented the administration of the procedures described here.

Measures
Purchase task
Participants reported the number of cigarettes they would pur-
chase and smoke each day if a single cigarette ranged in price 
from $0 to $1,120. Twenty-six different prices were investigated: 
$0, $0.01, $0.05, $0.13, $0.15, $0.25, $0.35, $0.5, $1, $1.50, $2, 
$2.50, $3, $4, $5, $6, $7, $8, $9, $11, $35, $70, $140, $280, $560, 
and $1,120. Participants were instructed to report only those 
cigarettes that they themselves would smoke and were told to 
assume that the price indicated was the price of all cigarettes that 
they could purchase from any source. These instructions that did 
not change between assessments and double-blind procedures 
ensured that the experimenter did not know if participants had 
taken bupropion or placebo at the second assessment.

Subjective effects questionnaire
Two items from the Cigarette Evaluation Scale (i.e., “was the ciga-
rette satisfying,” “did the cigarette taste good”) were used to assess 
smoking satisfaction (Westman, Levin, & Rose, 1992). In addition, 
participants rated the effects of smoking on the following mood 
states: jittery, relaxed, stimulated, dizzy, buzzed, and high. One item 
queried each mood, and all items were rated on a 5-point scale 
(not at all to extremely). These mood states are commonly assessed 
in studies of the subjective effects of smoking (Kalman, 2002).

Participants also completed the six-item Fagerström Test 
for Nicotine Dependence (FTND; Heatherton, Kozlowski, 
Frecker, & Fagerström, 1991), provided demographic informa-
tion (age and gender), and reported the number of cigarettes 
they smoked per day.

Procedure
Prior to the study, participants provided informed consent. At 
the onset of Week 1, participants began taking the study medi-
cation (bupropion or placebo) and attending a counseling 
sessions that occurred once per week. They were instructed to 
take one tablet (150 mg) per day for 3 days and then two tablets 
(300 mg) per day for the remainder of Week 1. Placebo tablets 
were identical in shape and color to active medication. At the 
start of Week 2, participants were instructed to quit smoking 
and were given a 7-week supply of the nicotine patch. Partici-
pants continued to attend weekly counseling sessions and take 
bupropion (300 mg) for the 7-week quit period. At Week 10, 
participants returned to the clinic to provide a carbon monoxide 
breath sample and to report on their smoking status.

Participants attended two laboratory sessions, each lasting 
~60 min. The first session was conducted during the baseline 
assessment (Week 0), prior to the administration of the study 
medication. The second was conducted on the last day of Week 1 
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(i.e., 7 days after participants began taking study medication 
and the day before their quit day). In each session, participants 
smoked one preferred-brand cigarette, sat quietly for 30 min, 
smoked another cigarette, and then completed the demand sim-
ulation measure. The first cigarette was smoked ad libitum. Fol-
lowing Schupp, Mucha, and Pauli (1996), a paced puffing 
procedure was used for the second cigarette. Participants took 
10 puffs from the cigarette, each held for 3 s with 30 s between 
puffs. This procedure represents a middle ground between ad 
libitum smoking (which greatly reduces experimenter control 
over dosing) and smoking via a controlled smoking device (a 
procedure that attenuates nicotine’s effects; see Grobe & Perkins, 
2000). In the second session, participants also completed the 
subjective effects measures. Participants who required dose 
adjustments to their medication during the course of the clinical 
trial (n = 7) were not eligible for inclusion in this study.

Statistical methods
Following Hursh and Silberberg (2008), we used the following 
exponential demand equation to fit the simulated demand data 
provided by individual participants:

α
0log log (e 1).sPQ Q k   (1)

Equation (1) contains a single free parameter, a, which quan-
tifies the rate of change in consumption (i.e., number of cigarettes 
smoked per day) across the range of cigarette price increases. This 
provides a quantitative index of the degree to which an individual 
will expend resources to defend prior levels of smoking. As such, 
Hursh and Silberberg (2008) argued that a may be interpreted as 
the essential value of a commodity. The a parameter was quantified 
for individual participants using GraphPad Prism 5 curve-fitting 
software and a file provided to the first author by S. R. Hursh.

With respect to the other components of equation (1), Q is 
the number of cigarettes smoked per day, Q

0
 is peak level of 

smoking when cigarettes are freely available, and k is the ob-
tained range of Q (from 0 to Q

0
) expressed in logarithmic units 

(note that for the purpose of fitting curves to individual partici-
pant data, 0.9 was substituted for 0 at the first price at which no 
cigarettes were purchased; all subsequent prices were ignored as 
the log of 0 is undefined). One bupropion participant who indi-
cated that he/she would smoke 40 cigarettes/day even if the 
price of each cigarette was $1,120 was excluded as an outlier.

The price of a cigarette, P
s
, is normalized to the cost of obtain-

ing the peak level of smoking (Q
0
) at each nominal price (P

s
 = Q

0
 × 

P). Normalizing price ensures that a is independent of changes in 
Q

0
. Equation (1) accurately describes consumption of drug and 

nondrug commodities in human and animal subjects (R2 values 
typically exceeding .90; Hursh & Silberberg, 2008). A 2 (baseline vs. 
follow-up) × 2 (placebo vs. bupropion group) mixed factor analy-
sis of variance (ANOVA) was used to evaluate changes in smoking 
measures (e.g., Q

0
, a). Distributions of these parameter values met 

the equality of variance assumptions of these ANOVAs.

Results
Purchase task
At intake, no significant differences in gender, age, number of 
cigarettes smoked per day, or FTND scores were observed across 

participants assigned to the bupropion and placebo groups 
(p > .05 in all cases; see Table 1). Because the difference in age 
approached significance [t(58) = 1.7, p = .1], it was included as 
a covariate in subsequent ANOVAs. At baseline, there were no 
significant differences between groups in either the number of 
cigarettes that would be smoked if they were free [F(1, 57) = 
1.74, p > .05], the maximum amount of money that would  
be spent on cigarettes in a single day [F(1, 57) = 0.51, p > .05] 
or the a parameter of baseline demand curves [F(1, 57) = 0.84, 
p > .05].

The left and right graphs in Figure 1 show the average num-
ber of simulated cigarettes purchased in baseline (open sym-
bols) and treatment assessments for participants in the placebo 
and bupropion groups, respectively. Demand curves were fit to 
these group averages using equation (1), where Q

0
 was the num-

ber of free cigarettes that participants said they would smoke per 
day in each condition. Parameters of these fits are provided in 
each panel. In all cases, equation (1) provided a good fit of the 
data, with greater than 88% variance accounted for. Equation 
(1) also provided a good fit of individual participant’s simulated 
demand data (median R2 = .88, interquartile range = .70–.93). 
Baseline a parameter values derived from simulated demand 
curves (a measure of the essential value of cigarettes) were sig-
nificantly correlated with baseline FTND scores (Spearman  
r = −.255, p < .05). The correlation between a parameter values 
and the number of cigarettes participants reported smoking 
each day at intake approached significance (Pearson r = −.232, 
p = .07).

A mixed factor ANOVA applied to peak smoking (Q
0
) 

revealed no significant main effects of time (baseline vs. follow-
up, p = .09) or group (bupropion vs. placebo, p = .76). The 
Time × Group interaction was not significant [F(1, 57) = 1.74, 
p = .19]. The same mixed factor ANOVA was applied to a 
values derived from individual participants’ demand curves. 
No significant main effects of time [F(1, 57) = 1.15, p = .29] 
or group [F(1, 57) = 2.75, p = .10] were detected. Likewise, 
the Time × Group interaction did not approach significance 
[F(1, 57) = 1.29, p = .26]. In sum, bupropion did not decrease 
peak smoking or the essential value of cigarettes.

P
max

 and O
max

 values were calculated from the derived  
parameters of the demand curves and were subjected to the 
same mixed factor ANOVA. P

max
 is the cigarette price (nonnor-

malized for the purpose of this analysis) at which the demand 
curve has a slope of −1.0. More importantly, it is the price at 
which spending on cigarettes is predicted to asymptote; at 
higher prices, spending should decline. O

max
 is the predicted 

Table 1. Demographic characteristics and 
severity of nicotine dependence at baseline

Variable Placebo Bupropion

Age (years) 51.2 (6.6) 48.6 (7.2)
Gender (% male) 92.6 81.8
Nicotine dependence 5.1 (1.7) 5.7 (1.9)

Note. Nicotine dependence was measured with the Fagerström Test for 
Nicotine Dependence (Heatherton et al., 1991). Unless otherwise noted, 
all data are means and SDs.
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maximum amount that would be spent on cigarettes in a single 
day. P

max
 and O

max
 were calculated using the spreadsheet written 

by S. R. Hursh (available at http://www.ibrinc.org/centers 
/bec/BEC_demand.html).

No significant main effects of time were detected on either 
P

max
 or O

max
 (p > .4 in both cases). Likewise, no main effect of 

group was detected (p > .4 in both cases), and the Time × Group 
interaction did not approach significance (p > .4 in both cases). 
The correlations between derived and obtained measures of 
peak spending and price at which peak spending occurred were 
strong (O

max
: Pearson r = .64, p < .0001; P

max
: Pearson r = .79, 

p < .0001), and a mixed factor ANOVA applied to obtained 
measures did not reveal a Time × Group interaction (p > .2 in 
both cases). Thus, an effect of bupropion on cigarette purchases 
was not missed by using measures derived from the demand 
curves.

Subjective effects
Because the measures of subjective effects of smoking were assessed 
only in the second session (when participants had taken bupropion 
or placebo), one-way ANOVA was conducted to determine if 
groups differed on these measures. There were no significant 
differences in Cigarette Evaluation Scale measures of satisfac-
tion (p = .46) or taste (p = .97). Likewise, mood states of jittery 
(p = .13), relaxed (p = .14), stimulated (p = .27), dizzy (p = .63), 
buzzed (p = .86), and high (p = .22) did not differ across groups.

Demand as a predictor of treatment 
outcome
To determine if a values could be used to predict the outcome 
of a smoking cessation trial, we compared intake a values of 
those who were and were not smoking at follow-up. A one-
tailed t test revealed that the quitters’ baseline demand for ciga-
rettes was no more elastic than those who failed to quit [t(58) = 
0.4, p > .05]. However, demand for cigarettes at Week 2 (after 
one counseling session and 1 week of bupropion or placebo) 
became more elastic in those who quit than those who did not 

[i.e., prepost a difference scores; one-tailed t(58) = 1.63, p = .05]. 
The change in Q

0
 from Weeks 1 to 2 did not achieve traditional 

levels of significance across those who quit and failed to quit 
[one-tailed t(58) = 1.3, p = .11].

Discussion
The current investigation revealed that bupropion neither re-
duced peak smoking (Q

0
) nor decreased the essential value (a) 

of cigarettes as measured by a purchase task. Bupropion also did 
not decrease peak spending on cigarettes (O

max
) or the cigarette 

price at which spending would begin to decline (P
max

). There 
were no differences between the bupropion and placebo groups 
on any subjective effect measure of smoking. However, demand 
for cigarettes following 1 week of treatment (bupropion or pla-
cebo) became more elastic in those who quit than those who  
did not.

Animal studies have reported mixed results regarding the 
effects of chronic bupropion administration on the reinforc-
ing effects of nicotine (Rauhut et al., 2005; Shoaib et al., 2003). In a 
small clinical study, Hawk et al. (2008) reported a decline in ciga-
rette consumption as a function of length of bupropion treatment 
prior to quitting. Significantly greater smoking reduction was 
observed in participants who were randomly assigned to receive  
4 weeks versus 1 week of bupropion treatment prior to quitting. 
Extended pretreatment also enhanced abstinent outcomes (media-
tional analyses were not conducted, however). If bupropion 
attenuates the reinforcing effects of nicotine, as suggested by its 
action as a nicotinic antagonist, extended pretreatment may be 
needed for these effects to emerge. It may, therefore, be worthwhile 
to determine if peak smoking (Q

0
) would decline and elasticity (a) 

would increase with longer precessation exposure to bupropion. 
Because the purchase task was not completed weekly in the present 
study, this analysis will have to await further research.

A few clinical trials have investigated the effect of bupropion 
on the subjective effects of smoking with mixed results. In two 
studies, nonabstinent smokers receiving bupropion reported 
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decreased “psychological reward” and “smoking satisfaction” 
compared with their counterparts in the placebo condition 
(Jorenby et al., 2006; West, Baker, Cappelleri, & Bushmakin, 
2008). A third study found an effect but only for “psychological 
reward” (Gonzales et al., 2006), and a fourth study found no 
effect on any of their measures of subjective effects (McCarthy 
et al., 2008). In the latter study, there was also no evidence that 
bupropion slowed or prevented progression from a lapse to a 
relapse, an effect that would be expected if bupropion attenu-
ated the reinforcing efficacy and/or subjective effects of smok-
ing (McCarthy et al.).

Finally, the present findings offer some support for the util-
ity of the purchase task. First, simulated demand for cigarettes 
in the purchase task conformed to the positively decelerating 
demand curves that have been observed with humans smoking 
real cigarettes (Bickel & Madden, 1999a) and nonhumans con-
suming a variety of drug and nondrug reinforcers (Hursh, 
2000). Second, in accordance with previous purchase task data 
(e.g., Murphy & MacKillop, 2006), simulated demand for ciga-
rettes was well described by a quantitative demand curve, in 
this instance the exponential demand equation of Hursh and 
Silberberg (2008). Third, measures derived from the demand 
curves (P

max
 and O

max
) were well correlated with obtained mea-

sures. Fourth, baseline a values were modestly correlated with 
intake FTND scores, but they were not predictive of which par-
ticipants would successfully quit smoking regardless of the 
medication received. Interestingly, the change in a values after 
the first week of the study (a week in which participants com-
pleted one counseling session and took bupropion or placebo) 
was predictive of cigarette abstinence at follow-up. Those par-
ticipants who successfully quit smoking showed larger increases 
in a values after the first week. Their purchase task responses 
indicated that at Week 2, their demand for cigarettes was more 
likely to decline in the face of price increases when compared 
with those who failed to quit.

Five limitations of the present study should be noted. First, 
the purchase task involves hypothetical cigarettes, prices, and 
smoking, so one may reasonably question if real cigarette pur-
chases would conform to the patterns of data reported here. 
While some evidence suggests that simulated demand outcomes 
are in general agreement with studies involving the expenditure 
of real effort to consume real drugs (e.g., Jacobs & Bickel, 1999 
vis. Bickel & Madden, 1999b), addressing this issue will require 
studies designed to answer this specific question. Second, our 
participants were smokers with histories of alcohol dependence, 
and therefore, the results of the present study may differ in im-
portant ways from smokers without this history. Chronic heavy 
alcohol consumption is associated with changes in brain struc-
ture and function that, in turn, directly affect the brain reward 
circuitry that entrains drug-seeking behavior and possibly the 
reinforcing efficacy of smoking (Littleton, Barron, Prendergast, & 
Nixon, 2007; Makris et al., 2008; see also Hughes, Rose, & 
Callas, 2000). Therefore, caution should be exercised in general-
izing the findings of this study to smokers without histories of 
alcohol dependence. Third, we did not examine the relationship 
between plasma bupropion levels and the reinforcing efficacy 
and subjective effects of smoking. Individual differences in these 
levels may have affected responses on our dependent measures. 
In addition, the reinforcing efficacy and subjective effects of the 
study medication on smoking were determined only 2 days after 
participants had begun taking the 300 mg dose of bupropion. 

Findings by Hawk et al. (2008), discussed above, suggest that 
longer medication treatment may produce more pronounced 
effects. Fourth, participants in our study were not smoking de-
prived during study assessments. It is possible that the effects of 
bupropion on study measures would be more pronounced un-
der conditions of nicotine deprivation and withdrawal. Finally, 
cigarette deprivation was controlled by having participants 
smoke before completing the purchase task. Future research 
might examine the effects of bupropion under conditions of 
progressive cigarette deprivation (e.g., Hitsman et al., 2008). 
Longer duration of deprivation might be expected to render 
demand for cigarettes less elastic (c.f., Field, Santarcangelo, 
Sumnall, Goudie, & Cole, 2006; Giordano et al., 2002), and 
from this baseline, any effects of bupropion on elasticity (i.e., a 
values) may be more easily detected.

In conclusion, behavioral economic methods have been 
used extensively in animals and humans to study the reinforcing 
efficacy of drugs of abuse, including nicotine, and can be readily 
applied in human studies to investigate the effects of pharmaco-
therapies on nicotine reinforcement (Hursh & Silberberg, 2008). 
The present study suggests that bupropion has no detectable 
effect on demand for cigarettes. However, changes in elasticity 
from the first to the second week of participation were predic-
tive of subsequent success in smoking cessation. Future labora-
tory studies might profitably use behavioral economic measures 
to investigate the effects of other medications on nicotine rein-
forcement, including studies in which the effects of two or more 
medications are compared. Behavioral economic approaches 
can also be used in clinical trials to investigate the relation be-
tween the effect of a medication on nicotine reinforcement and 
smoking cessation outcome. Future studies might also consider 
investigating the effects of medication on nicotine reinforce-
ment during stress induction.
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